Introduction
============

**B**isphosphonates are key drugs in the management of bone diseases. The orally administered nitrogen-containing bisphosphonates (alendronate, risedronate and ibandronate) are widely used for the treatment of osteoporosis. Intravenous bisphosphonates such as pamidronate, ibandronate and zoledronic acid (4 mg) are increasingly used in the treatment of malignancy-induced hypercalcemia, metastatic bone disease, solid tumors, multiple myeloma and Paget's disease.^[@r1],[@r2]^ Recently, yearly treatment of intravenous zoledronic acid (5 mg), a potent nitrogen-containing bisphosphonate, have been approved for the prevention and treatment of osteoporosis.^[@r3]^ Alteration in serum electrolytes, including hypocalcemia, hypophosphatemia, hypermagnesemia and hyperkalemia might occur during bisphosphonates therapy.^[@r4],[@r5]^ In healthy individuals, normal serum calcium is largely maintained by a balance between osteoblast-mediated bone formation and osteoclast-mediated bone resorption. Bisphosphonates have a high affinity for mineralized bone, where they bind to the calcium phosphate hydroxyapatite bone mineral and inhibit osteoclast mediated bone resorption. By inhibiting bone resorption, bisphosphonates reduce calcium efflux from bone into the circulation, leading to the development of hypocalcemia.^[@r6]^

Recently, increased osteoblastic activity that leads to avid calcium uptake has been postulated as a possible mechanism of zoledronic acid induced hypocalcemia.^[@r7]^ Bisphosphonates induced hypocalcemia is usually followed by a compensatory increase in serum parathyroid hormone (PTH) levels. Secondary hyperparathyroidism normalizes serum calcium in most patients through increased renal tubular calcium reabsorption and increased 1,25 dihydroxyvitamin D production, which in turn increases gastrointestinal absorption of calcium.^[@r8]^ Patients with hypovitaminosis D, parathyroid dysfunction, or renal impairment may not be able to correct the hypocalcemia, which may then become symptomatic.^[@r9]^

Bisphosphonates induced hypocalcemia can also be profound and prolonged, and serum calcium normalization may take upto two months.^[@r10]^ Here we report a female patient who exhibited profound symptomatic hypocalcemia after receiving intravenous zoledronic acid as a treatment for postmenopausal osteoporosis. We call attention to the possible increase in the number of cases of symptomatic hypocalcemia due to post-intravenous bisphosphonate therapy, particularly after the approval of zoledronic acid for management of one of the most common diseases. Also, we stress the importance of evaluating calcium and vitamin D levels before initiating intravenous bisphosphonate treatment in light of the high prevalence of vitamin D deficiency worldwide, and especially among patients with low bone mass.

Case Report
===========

A 55-year-old female had a history of primary hypothyroidism, dyslipidemia and gastritis. She was also reported to have irritable bowel syndrome for many years based on history of recurrent non-bloody diarrhea. Menopause had occurred at the age of 45. She was seen at the gynecology clinic in 2010 for evaluation of lower abdominal pain and vulval itching. Because of her history of early menopausal, the gynecologist started her on oral calcium carbonate 600 mg twice a day and 1alpha-hydroxyvitamin D3 (1alpha-OHD3) 0.25 µg once daily. Evaluation of bone mineral density (BMD) was requested at the same visit and the result of the test was consistent with osteoporosis of the spine and osteopenia of the hip region (lumbar spine BMD 0.0.698 g/cm^2^, T score - 3.2; total hip BMD 0.796 g/cm^2^, T score -1.2).

Three months from the initial visit and after the BMD report, she was given a single intravenous infusion of zoledronic acid (Aclasta^®^) 5 mg in 100 cc normal saline over 15 minutes. Unfortunately, calcium studies were not requested prior to the infusion. She came to the emergency room one day post-infusion after experiencing a few hours of nausea, vomiting and diarrhea. She was treated symptomatically as a case of gastroenteritis and discharged from the emergency room. Two days later, she returned with generalized body ache, numbness in the area around the mouth and hands, palpitation, shortness of breath, nausea and vomiting but no diarrhea. Physical examination was negative for Chvostek\'s and Trousseau\'s signs. Her BP was 160/85 and her pulse was 110/min (regular). At this stage, serum calcium was requested and her corrected calcium level was 7.1 mg/dl (1.76 m mol/l; the normal range = 8.5-10.5 mg/dl). Other laboratory data were collected at the same time and revealed the following: phosphorus was 1.2 mg/dl (normal range = 2.5-4.9), Mg was 2.3 mg/dl (normal range = 1.8-2.4), and alkaline phosphatase was 115 U/L (normal range = 50-140). The renal function test was normal with a BUN level of 9 mg/dl (normal range = 7-22) and creatinine of 0.5 mg/dl (normal range = 0.5-1.0).

The electrocardiogram showed only sinus tachycardia. Serum 25-hydroxyvitamin D later showed severe vitamin D deficiency (\<4.0 ng/ml, \<10 n mol/l; normal range = 10-30 ng/ml) and PTH level was 8.69 pmol/l (normal range = 1.3- 6.8), ([Table 1](#t1){ref-type="table"}). The patient was acutely managed with intravenous calcium gluconate. Therapeutic doses of oral calcium and vitamin D therapy were also initiated. After 17 days, the corrected calcium level increased and stabilized within the normal range. The patient was reluctant to receive bisphosphonate therapy again; however, repeated BMD after 18 months from the initial dose of zoledronic acid and oral calcium with vitamin D supplement showed a BMD of 0.762 g/cm^2^, T score -2.6 at the lumbar spine and BMD 0.866 g/cm^2^, T score -0.7 at total hip.

###### Laboratory Findings at the Time of Assessment of Patient for Hypocalcemia

  Blood variable               Result   Reference range
  ---------------------------- -------- -----------------
  Corrected calcium (mg/dl)    7.1      8.5-10.5
  Phosphorus (mg/dl)           1.2      2.5-4.9
  Magnesium (mg/dl)            2.3      1.8-2.4
  Alkaline phosphatase (u/l)   115      50-140
  25 (OH) D (ng/ml)            \<4.0    10-30
  PTH (pmol/l)                 8.69     1.3- 6.8
  BUN (mg/dl)                  9        7-22
  Creatinine (mg/dl)           0.5      0.5-1.0

Discussion
==========

Osteoclast-mediated bone resorption constitutes the major defense mechanism against the development of hypocalcemia among healthy individuals. Bisphosphonates are potent inhibitors of osteoclast bone resorption. However, due to the compensatory increase in serum PTH, clinically significant hypocalcemia is unusual, particularly after oral therapy.^[@r8]^ Only a few cases of symptomatic hypocalcemia post-oral bisphosphonates treatment have been reported, and these occurred in patients with underlying diseases predisposing them to low calcium levels.^[@r11],[@r12]^ Overall, the rate of development of hypocalcemia is related to the potency and dose of bisphosphonate. Intravenous bisphosphonates are generally more potent than orally administered ones and have a higher risk of hypocalcemia that can develop a few days post-infusion. Hypocalcemia after zoledronic acid infusion was found to be common among cancer patients, particularly in the presence of bone metastasis, but mostly mild and asymptomatic.^[@r13],[@r14]^ Several case reports of symptomatic hypocalcemia following intravenous bisphosphonate given for indications other than osteoporosis have been described recently in the literature.^[@r7],[@r10],[@r15]-[@r19]^ Again, most of those who developed symptomatic hypocalcemia following intravenous bisphosphonate had one or more risk factors predisposing them to low calcium levels. Several risk factors have been documented in the literature; the most important and most common are vitamin D deficiency, renal impairment, hypoparathyroidism and hypomagnesemia.^[@r9],[@r20]^

Our patient developed symptomatic hypocalcemia three days after the intravenous zoledronic acid therapy, which she received as treatment for osteoporosis. She had no prior assessment of calcium status, and her calcium level was measured only after she became symptomatic. She was later found to have severe vitamin D deficiency with secondary hyperparathyroidism. Vitamin D deficiency is common worldwide and is very common among Saudi women with a prevalence reaching 80%.^[@r21]-[@r23]^ Low vitamin D is also prevalent among patients with low bone mass; vitamin D deficiency was recently found to be present in almost two-thirds of patients with osteoporotic hip fracture in Spain.^[@r24]^ On the other hand, zoledronic acid is one of the most potent bisphosphonates which can put patients at increased risk of developing hypocalcemia. Zoledronic acid has recently been approved for the prevention and treatment of osteoporosis. In the initial published trial of zoledronic acid as a treatment for osteoporosis, only 0.3% of patients developed hypocalcemia. This low prevalence was attributed to the fact that all of the study patients were on supplemental calcium and vitamin D.^[@r25]^ In spite of being on calcium and vitamin D supplements for almost 3 months, our patient developed symptomatic hypocalcemia shortly after receiving intravenous zoledronic acid, most likely because of the missed severe vitamin D deficiency.

To our knowledge, this is the first case of symptomatic hypocalcemia to be reported after Zoledronic acid (Aclasta^®^) was approved for the management of osteoporosis. The median time of occurrence of hypocalcemia post-zoledronic acid infusion was documented to be 6 days.^[@r18]^ The most likely explanation of the early symptomatic presentation in our patient (within 3 days) is the concomitant vomiting and diarrhea, in addition to the long-standing, severe vitamin D deficiency as indicated by the elevated PTH levels. Similarly, Peter et al.^[@r16]^ reported four cases of severe hypocalcemia after intravenous bisphosphonates; one of them had very low vitamin D levels (\<4.0 ng/ml) and exhibited hypocalcemia within 3 days of receiving intravenous zoledronic acid as part of a treatment for transitional carcinoma of the bladder. Our patient also exhibited very low levels of serum phosphorus, possibly related to secondary hyperparathyroidism.

Pre-existing hypocalcemia and renal impairment are contraindications to zoledronic acid therapy. It is recommended that all patients have their calcium levels and vitamin D levels assessed, and (if found to be deficient) to have them corrected before initiating the treatment with zoledronic acid. It is also recommended that sufficient vitamin D supplementation be given before and after zoledronic acid infusion in order to ensure and maintain adequate vitamin D levels.^[@r3]^ In spite of the above recommendations, and in spite of the several cases reported in the literature of symptomatic hypocalcemia due to post-intravenous bisphosphonate therapy where vitamin D deficiency was the main risk factor, the patient in this report unfortunately received zoledronic acid infusion before evaluation of her calcium and vitamin D status. It is expected that the number of clinically significant hypocalcemia cases due to post-intravenous bisphosphonate therapy will increase, particularly after zoledronic acid, a potent and long-acting bisphosphonate, is approved for the prevention and treatment of osteoporosis. This will be more evident among communities where vitamin D deficiency is common and the number of patients susceptible to developing symptomatic hypocalcemia is large.

Conclusion
==========

This report highlights the importance of diagnosing and treating hypocalcemia and concomitant vitamin D deficiency before initiating zoledronic acid therapy for the prevention or treatment of osteoporosis. Clinicians need to be more alert about hypocalcemia as a potential complication that can sometimes be prolonged, deleterious and even life-threatening. They also need to adhere strictly to the recommendations regarding prior assessment and management of calcium and vitamin D.

The author is grateful to all medical staff who contributed to the management of the patient. No conflict of interest to declare.
